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To: Central Intelligence agency
Washington, D. C.

Proposal: To continue the program of research in image p—rocessin%

by amendment to Contract| | in the amount of STAT
of Central Intelligence Agency funds.

Starting Date and Period of Time Covered: Peginning on 1 July 1949

and continuing until | October 1969,

Principal Investigator: | |- Research Engineer and

Associate Director, |

General Background: The| | hes been conducting. STAT
under funding from the Central Inteliigence Agaucy Contract No|:| STAT

| a continuing program of research in the restoration of

degraded photographic itnages by rmeans of computer processing. Fuud-
ing in response to Progosal]| overed a 3-month period end-
ing 1 July 1969. The present proposal calls for a continuation of the
effort from 1 July 1969, to 1 October 1969. The following is a briei de-
scription of the status of the several tasks which have receivad effort in
the course of this research program.

Task I: On-Line Computer Operation, The reseavch program utilizes
an IBM-1800 computer which is leased with the cost equally shared by the
Central intelligence Agency and the Advanced Research Projects Agency
The| [sometimes finds it efficient to utilize time on
the 1IBM-1800 when available, for work on other Laboratory contracte ot
grants. When this is done, the appropriate cost of that time is recharged

-to the contract or grant involved.

. Substantial progress has been made in achieving flexible and efficient
software for performing the image processing research. The utilization of
the computer has been dramatically increased by the deveiopment of an un-
attended night operation in which the computer receives its instructions
from cards rather than the keyboard The instructions are still given in
the language of image processing. and techniqucs have been developed such
that the carde are easy to prepare.
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: The unaitended card mode of operation has keen supplemented by
STAT the adéitionof 2 35 mm [ |camera whose shutter and film advance
mechanisms are computer controlled. This allows pictures to be made

during all aight runs.

A wery cecent devaiopment tremendously enhances the ability to
meke prrornetric studies in the unattended mode of operation. In a Po XA -
metyiz study, there iz usuelly 2 sequence of operations which is repeated
raeny fimes with one or mrore imperiant parameters incrementad during
watih repetition, The new software allows the operator ic advide the com-
puier that he desires the omputer £ memorize 2 sequence of operatioac
which he cien enters. Ee tigse indicates the stariing veluws and incresneais
to each prrameter and the number of times the sequence is to be run. 'n
‘his vz 2 very small number of cards of instructions, taking only minutes
@ prepure, is all that is roquired tc handle calculrstions lasting many hoars,

STAT Couples with the[ lamers, rune involving 40 hours of computation
ard preducing 600 output pictures heve already been .vade

Within the lasi several months a new form of array indexing has
baza immplernented in the software resulting in reduction in time Dy factors
»£ 25 to 56% depeadiry on the nature of the specific operatior invoivaed,
ncrensed use of the computer sense and data switches has also been ackievec.
These switch#s are vaed to make routine decisions, a2s for examnple, i3 ¢
gawuuma. other than unity 2o be intrcduced into a displayed picture. There ar-»
now 13 such switckes in usz resulting in a substantial reduction in the tiine
vequired far typewritzr commuanication,

o~

Aot

a3k 2. Equipment Engineering: Under the present funding. effort has
becen divected toward improved display capability. As explained in Propssa’
STAT | |18 April 1908, the level of funding provided in response tc th.:

proposal did not permit full exploitasiion of the concepts of improved display
Fyovema which have evelved during the course of the research. MNevertheless
the recizeslating or refresh display system has been achieved. in this equip-
ment. a0 image can he !n: ded into 2 small core memory which is an iutegral
pa:t of the display unit. This core memory is then scanned repatitively at
Y type rotes and displayed on a cathode-ray-tube for direct viewing. 7Ttiis
provides a flicker-iree presentation not requiring photographic recording.
An exploratory unit hue been constructed and is presently being opervated.
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Supplementary circuitry has been constructed for the refreeh display
which provides what ie called inner-raster-scan, The inner-raster-scan
raduces the distracting discreteness of the displayed images by zpreading
the flux from a single data point cver the region between data points ina
controlled way. The particular weighting of the flux distributiosw is pro-
grammable, It is presently being operated in a mode which is eguivalent
to providing two-dimensional linear interpolation between data points. Pra-
liminary results show substaniial improvements in the appearance of the
irnages. The inner-raster-scan is presently operable in a slcw acan phaoto-
graphic recording mode because the circuitry will not allow the high scan
ratee which would be required for the direct view mode of operation,

Testing of the refresh display has been completed and the repackag-
ing of the system for use with the computer is nearing completion.

Other equipment developments are being funded by the Advanred K=~
search Projects Agency, Although they are not being peid for by the Ceni~cl
Intelligence Agency, they will be used for the Ceuntrzl Intelligence resecexch
program at the| | These equipments includs ar imoge
dissector filin scanner and a microscope flying spot scanner. The image
disgector now exisis in breadboard form and the mucroscepe flviag spot

canner is now underxr construction, These all-electronic scanners olfer the
advantage of putting the film scanning operations undew cormputer conteol g0
that the operator caa position the scan and choosz the 3tep vize and array
size at will. During these operations the scenniug will bie a2t TV rates to
provide direct viewing on a ¢.r.t. display, The scan sge2d wouvld he reduced
for actual data taking to maximize the signail-to-avise ratio.

Task 3: Basic Restoration Investigation. The basic theoretizal and experi-
mental studies of optimumn restoration technigues have been continued. Ex-
citing progress has been made in non-Fourier techiaiques of image processing.
These explorations have included extensions of the non-negative algorithre
previously described, the application of linear programming, and an alyovithm
involving Baye's theorem. FEach of these techniques have the inherent ability
to utilize a'priori consfraints on the image restoration as for example, boun-
daries on the object of interest, 2ad non-negetive luminonce ox brightness
vriues. Preliminary studies have preduced rescits which appear, 1n scme
cases, to be considerably beiter thanr Fourier processing of the sams: images,
All three techniques are at preseat, time crnsuming with respea: tc the
Fourier techniques.
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Defocus degradations have received considerable attention. Labora-
tory photographs intentionally defocussed have been scanned and successfully
rzstored. These first experiiments have invelved large amounts of defocus.
i. €., low resolution photography where the film granulerity situation is fav-
orazile. Experimental studies of defocus point spread functions for a
car.ari have been made and it has been found that results are not in agree-
mert with general defocus theory reported in the open literature. Euplana-
tiors of this discrepancy have been pnstulated and are now being tested.
Sin~e the effect of this discrepancy would be greatest for sinall amounts of
defocus and with high resolution, it is important to resolve this discrepancy
pricr to atiempting image restoration on high resolution photography.

Image motion studies are presently underway. Restorations have
been successfully periormed on low resclution photegraphy. High resolution
resioration experiments will be made in the near future.

A technique known as "'sanding'' has been developed. This technique
is k2sed on the realization that when an image is degraded, the spatial deri-
vatives of the image are reduced. A high value for a spatial derivative in 2
degraded image is probably due to film granuvlarity or film defects such as
dugt, scratches, etc. The sanding operation explores the spatial deritives
and alters deta values to restrain the derivatives to any specified limit,
Further effort is required to determine the capabilities and limitations of
this technique,

Tasgk 4: Dua’l Gamma Studies, The dual gammea studies have beean in pro-
gress for several months, The initial effort was directed toward the devel-
cpment of a mathematical model of the process. The first model explains

the adjacency effect on the basis of a granular visualization in which (a} there
is a limited amount of developer present, (b) the number of grains developed
in an increment of time is prcportional to the quantity of develcper available
at thet point, and {c) the developer has some limited amount of lateral mobili-y
g0 that sinall area shortages in developer are resupplied from adjacent devel-
oper whereas large area shortages cannot be so resupplied.

This first simple matkematical mode! has been programmec on the
computer in such a way that "latent images' can be subjected to this model
of chemical processing., To date variable width bar images and a picture of
the capital building have been processed in this way., The adjacency effect
is evident in the bar imagery.
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£zome of ‘Work: it is proposed that the program of researcl surrently
in progress vader Contract | [pe continued for the STAT

3.month period of July through September 1569. During this timne perviod
the affort will be directed to the several tasks as follows:

Tesx i: On-Line Compuler Operations. The zoitware whivn has been
davolaped over the past vears is ytrf.!l ming well., it is a0t anticipnted

that thers will be any dramatic changss undertaken du‘rmg this funding
paricd.  Continuing support will be required (o 1dd new transicr functiona
znd obzex operations as the needs develop in the course of the bagic ves-
toratioa investigations. It scems likely that a substantial poriion of the
progremming effort may be directed toward cpsrations required to perfoin
¢noctizing of edge discorntinuities anil elimination of unwented background
naize. Recert restforation e¥periments have terded to indicaie the Lmpor.
tenct of the developraent of such technigques,
Tesx ¢ Fquinment Tagineering ¥t should be emiphasized thai the equip-
maxt epyirecring taek hixs had the goal of supplying input-nutpui gyu em.
aieu wnte to the perfermence of the processing research ou an efisiont
25fs. Whken the image nrocepsing reeearch was iaitisted there were ne
zuim%ﬂe scanner and disulay systams commerciaily availuble. 7This is
panatantiaily ‘rue today. The culminsvion of iiis work iv the refresa dis.
ploy system presently buing repackagad for vee with the compuiser. Thfa
coly 2idivion to this display which is presecaily contemplited ie a ligat por
apability for comrauuicating complicated addresees to the computer, as
for exzuaple. outlining an object of interest in 21 image for the purpose of
invcking background smoothing operaticns  If undertaken, the light pen
will be fundec by the Advanced Rosearch Projects Agency ard is not = part
of the worik to be funded in the presernt propoaal,

The equiptient engineeriag eifort tc b supported by funds ~esporsive
to this propoeal will be Uimited to 2 tontinuvation of the repackagyiny effor: cr.
the refresh d splay system. It seawms highly probable that this taak. can he
corcpletzd duving the 3-month period ceversd b this progposal.

fask 3: Basic Restoration Invertigations. A limited effort will be cou
t'nued on the non-Fourier processing techniquen described in previcus pro-
pesale. It skould Le smphasgired that these tecknigues are net sn equivaion
to Fourier processing., Therefore, the goal iz a0t an altern:te technigue
ior achieving the samne results. The goal is belter processiny -han can be
achicwad witk Feourier pirocessing by virtus of 2 more realistic treziment
of {dwy granutarity and better utilization of 2 pviori knowledac
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Numexrical definition of the extent to¢ which irnage pracessing can
be: rcomplished as a fvaction of resotution and film grannlarity will re-
ceLvr: major attention during the funding period. Such dsfinition will be
wd eriaken for both defocus and image vaotion degradatior.

lmage processing 2xperiments will be undertakea on photogyaphic
itinges degriaded by image motion. The resolution associzted with the
imc.gerr will be increaszd incrementally starting with approxiriacely 20
Haca per mililmeter and working towards a gosl ¢f 100 lines por milli-
meler. It is not poesible to predict the resolution range which will be
achieved during this 3-month period because this will depend eniively
on 29w much time is vesuired to achieve successful results at cach of
the lowar recolutions.

z 4: Dual Gemma Studies. xampies of real dnual gamna procesaed
19 ard their conventional pracessed squivalent: wiil be studiec. The
cexigarison of their Fourier transformns should indiczte the exient to whizh
the Sual garemd proceszing his allered the tmagery. An attemips will be
e le to computer protess the com v‘mticnal imagery using the Jusl ganuna
o remratical model to achieve rzaultg comparabis to the acikual cual
ganama irmegary. This will mvah'e manipulating the several cangiarts in
the iusthernatical model in ordes to match the example of the rza? daal
gerame. vrocessing,

dince the adjacency efiects of dual gamma are spatizlly non-linear
ant neavily dependent oi. the local density gradients in the imagery, it
w0 )d be exporcted that the effect would be most pronounced witi: eharp
imzge» and much l2ss pronounced with baély degraded iraagery, As an
imwge enhancement techaique it has the undesirable guality of failing under
the condivion whare it is moaz needed, The mathematical model of dual
gFenune brocessing will he ured to explere this premise, and will also be
used to detewmine the extent 1o whick the linear Fourier type irnage restona-
tior. can be employed us & funciicn of the degree of adjacency present in Shs
degraded im:gery.
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